ϩ (TREK) channels produce background currents that regulate cell excitability. In vivo, TREK-1 is involved in neuronal processes including neuroprotection against ischemia, general anesthesia, pain perception, and mood. Recently, we demonstrated that A-kinase anchoring protein AKAP150 binds to a major regulatory domain of TREK-1, promoting drastic changes in channel regulation by polyunsaturated fatty acids, pH, and stretch, and by G-protein-coupled receptors to neurotransmitters and hormones. Here, we show that the microtubule-associated protein Mtap2 is another constituent of native TREK channels in the brain. Mtap2 binding to TREK-1 and TREK-2 does not affect directly channel properties but enhances channel surface expression and current density. This effect relies on Mtap2 binding to microtubules. Mtap2 and AKAP150 interacting sites in TREK-1 are distinct and both proteins can dock simultaneously. Their effects on TREK-1 surface expression and activation are cumulative. In neurons, the three proteins are simultaneously detected in postsynaptic dense bodies. AKAP150 and Mtap2 put TREK channels at the center of a complex protein network that finely tunes channel trafficking, addressing, and regulation.
Introduction

K
ϩ channels allow the passive and selective transport of K ϩ through the cell membrane. They control K ϩ homeostasis, cell volume, and excitability. With 77 genes encoding pore-forming subunits, K ϩ channels form the largest family of ion channels. Among them, 15 are structurally related and form a subfamily of subunits with four membrane-spanning segments (M1 to M4) and two pore (P1 and P2) domains. These K 2P channels are active as dimers and produce almost time-and voltage-independent background currents Lesage, 2003) . These currents drive the membrane potential toward the K ϩ equilibrium potential and affect input resistance. A subclass of K 2P channels including TREK-1, TREK-2, and the more distant Twik-related arachidonic acid-stimulated K ϩ channel (TRAAK) have unique properties. They display low basal activity when expressed alone (Fink et al., 1996 Bang et al., 2000; . They can be strongly stimulated by temperature (Maingret et al., 2000b) , mechanical stretch, and cell swelling (Patel et al., 1998) , intracellular acidification (Maingret et al., 1999) , arachidonic acid, and other polyunsaturated fatty acids (PUFAs) , lysophospholipids (Maingret et al., 2000a) , and PIP2 (phosphatidylinositol-4,5-bisphosphate) Lopes et al., 2005) , or by pharmacological agents such as volatile anesthetics and riluzole (Duprat et al., 2000) . TREK-1 gene inactivation produces mice less sensitive to volatile anesthetics (Heurteaux et al., 2004) . These mice have also impaired neuroprotection afforded by PUFAs (Heurteaux et al., 2004) and altered perception of pain (Alloui et al., 2006) . They display a depression-resistant phenotype .
A-kinase anchoring protein 150 (AKAP150) is a constituent of native TREK-1 channels in the brain (Sandoz et al., 2006) . AKAP150 interacts with the post-M4 region of TREK-1 that is necessary for activation by PUFAs, phospholipids, stretch and intracellular acidification, and for regulation by neurotransmitters and hormones. Binding of AKAP150 to this regulatory domain switches the low activity outwardly rectifying TREK-1 current into a robust leak conductance. Inhibition of the TREK-1/ AKAP150 complex by Gs-coupled receptors is as extensive as for TREK-1 alone, but is faster. Inhibitions of TREK-1/AKAP150 by a PKC activator such as PMA and by Gq-coupled receptors are much reduced compared with TREK-1 alone.
Here, we characterized the interaction of TREK-1 with another of its partners: the microtubule-associated protein Mtap2. Mtap2 promotes an increase of the TREK-1 current without affecting its properties. This current enhancement is attributable to a channel density increase at the plasma membrane and relies on binding of Mtap2 to microtubules. This effect is specific to TREK-1 and TREK-2 and was not observed for other less closely related K 2P channels. Mtap2 binds to a site distinct from the AKAP150 interacting site. The three proteins TREK-1, Mtap2, and AKAP150 can interact simultaneously and were codetected in postsynaptic dense bodies of hippocampal neurons.
Materials and Methods
Molecular biology. Mtap2c was cloned from a mouse brain cDNA library and inserted into pCMV-Myc (Clontech) and pIRES2 HcRed. This vector was derived from pIRES2 enhanced green fluorescent protein (EGFP) (Clontech) by substituting HcRed coding sequence to EGFP. Mtap2c-mut was produced by PCR. Plasmids for expression of AKAP150, TREK-1, and the truncated mutants of TREK-1 have been described previously (Patel et al., 1998; Sandoz et al., 2006) .
Cell culture and electrophysiology. Hippocampal neurons from neonate mice were isolated and transfected as previously described (Sandoz et al., 2006) . Mabin-Darby canine kidney (MDCK) cells were grown in Minimal Essential Medium (Invitrogen) supplemented with 10% fetal bovine serum, 100 U/ml penicillin, 100 g/ml streptomycin in a humidified incubator with 5% CO 2 at 37°C. MDCK cells were transfected with Lipofectamine 2000 (Invitrogen). COS-7 cells were cultured and transfected using DEAE-dextran as previously described (Patel et al., 1998) . After transfection, 25 mM KCl was added to the culture medium. For electrophysiological recordings, the internal solution contained 150 mM KCl, 3 mM MgCl 2 , 5 mM EGTA, and 10 mM HEPES at pH 7.2 with KOH, and the external solution contained 150 mM NaCl, 5 mM KCl, 3 mM MgCl 2 , 10 mM HEPES at pH 7.4 with NaOH.
Defolliculated Xenopus oocytes were injected with cRNA encoding TREK-1 (0.3 ng), AKAP150 (0.3 ng), and Mtap2c (0.3 ng). They were used for electrophysiological studies 2-4 d after injection. In a 0.3 ml perfusion chamber, a single oocyte was impaled with two standard microelectrodes (1-2.5 M⍀ resistance) filled with 3 M KCl and maintained under voltage clamp by using a Dagan TEV 200 amplifier, in standard ND96 solution (96 mM NaCl, 2 mM KCl, 1.8 mM CaCl 2 , 2 mM MgCl 2 , 5 mM HEPES, pH 7.4 with NaOH). Stimulation of the preparation, data acquisition, and analysis were performed using pClamp software (Molecular Devices).
Cell surface quantification. To quantify TREK-1 at the cell surface, a hemagglutinin (HA)-tag was introduced in the P2-M4 extracellular loop to generate TREK1-HA. This modification did not affect the functional expression of TREK-1 (data not shown). COS cells were transfected by TREK1-HA in the presence or in the absence of Mtap2c. Twenty-four hours after transfection, cells were incubated at 4°C in the presence of anti-HA antibodies (␣HA-ab), (mouse monoclonal antibody HA-7; Sigma-Aldrich). TREK1-HA/␣HA-ab complexes were detected with peroxidase-coupled secondary antibodies (sheep polyclonal anti-mouse antibodies; GE Healthcare) and quantified by using a colorimetric assay (Cornet et al., 2002) .
Immunocytochemistry. Transfected cells on coverslips were fixed with 0.1 M phosphate buffer containing 4% paraformaldehyde (15 min at 21-22°C), and then permeabilized with PBS/0.1% Triton X-100 (PBST) and blocked 1 h with 5% horse serum (HS) in PBST. Primary and secondary antibodies were diluted in PBST/5% HS PBST and incubated 1 h at 21-22°C. Three 5 min washes with PBST were performed between each incubation step and at the end of the procedure. Coverslips were mounted in Dako Fluorescent Mounting medium (Dako). The following antibodies were used: rabbit polyclonal TREK-1 antibodies (Fink et al., 1996) , mouse monoclonal antibody against Myc epitope (clone 9E10; Roche Diagnostics), mouse monoclonal antibodies against Mtap2 (HM-2; Sigma-Aldrich), rat monoclonal antibody against HA epitope (clone 3F10; Roche Diagnostics), goat polyclonal antibodies against AKAP150 (C-20; Santa Cruz Biotechnology; sc-6445), goat anti-rabbit conjugated to Alexa Fluor 488 (Invitrogen), donkey anti-mouse conjugated to Alexa Fluor 594 (Invitrogen), and donkey anti-rat conjugated to Texas Red (Jackson ImmunoResearch). Microscopic analysis was performed with Axioplan 2 Imaging microscope (Carl Zeiss). The Pearson's correlation was calculated with ImageJ.
Immunoprecipitation and Western blot analysis. COS-7 cells were homogenized in PBS containing saponin (0.5% w/v), Triton X-100 (0.5% w/v), and protease inhibitors (Roche Diagnostics). Lysate were clarified by centrifugation at 20,000 ϫ g for 30 min. Anti-TREK-1 antibodies were immobilized on protein A-Sepharose 4B Fast Flow (Sigma-Aldrich). The immunoprecipated proteins were separated on 10% SDS polyacrylamide gel and blotted onto nitrocellulose membrane (Hybond-C Extra; GE Healthcare). Western blots were performed using a mouse monoclonal antibody against Myc epitope for Myc-tagged Mtap2c.
Results
Coprecipitation and colocalization of Mtap2 and TREK channels in the brain
Among the proteins coprecipitated by anti-TREK-1 antibodies from wild-type mice and absent from TREK-1 Ϫ/Ϫ mice (Sandoz et al., 2006) was the microtubule-associated protein Mtap2 (also termed MAP2). Mtap2 binds to microtubules and stabilizes the microtubule network (Felgner et al., 1997) . Mtap2 interacts also with protein kinase A (PKA) and links this kinase to microtubules in various brain regions (Harada et al., 2002) . In situ hybridization showed that Mtap2 and TREK-1 distributions overlap in adult mouse brain (Lein et al., 2007) . Mtap2 is expressed in many areas with the strongest signals found in olfactory bulb, striatum, cortex, hippocampus, and cerebellum ( Fig. 1) . In these locations, TREK1 is well expressed, particularly in cerebellar granule layer and hippocampus. In the cortex, Mtap2 and TREK-1 are not found in the same layers ( Fig. 1 A-C) . TREK-2, a channel closely related to TREK-1, is not expressed in the striatum and only weakly in the cortex, as previously described in the rat brain (Talley et al., 2001 ). However, it was detected in olfactory bulb, hippocampus, and cerebellum together with TREK-1 and Mtap2 ( Fig. 1 A) . Because of these overlaps and because TREK channels are known to be associated with the cytoskeleton and to be tightly regulated by PKA (Patel et al., 1998) , we studied the functional consequences of the Mtap2/TREK interaction.
Mtap2/TREK-1 channel interaction in transfected cells
Several splice variants are produced from the gene encoding Mtap2 (Dehmelt and Halpain, 2005) . Mtap2c is the shortest isoform. This splice variant shares the same sequence as the longer isoforms and keeps the ability to bind microtubules and PKA (Dehmelt and Halpain, 2005) . We first tested the ability of Mtap2c to interact with TREK-1 in transiently transfected cells. Figure 2 A shows a strong colabeling of TREK-1 and Mtap2c in transfected COS-7 cells. Expressed alone, Mtap2 has a diffuse cytoplasmic distribution. When expressed with TREK-1, it relocates to membrane ruffles and other actin-rich domains in which TREK-1 is mainly detected when expressed alone . A similar TREK-1-dependent redistribution of Mtap2 was observed in transfected MDCK cells (see Fig. 4 A) . The physical interaction between the two proteins was next confirmed by coprecipitating Mtap2 with anti-TREK-1 antibodies from COS-7 lysates (Fig. 2 B) . In the absence of TREK-1 coexpression, Mtap2c was not precipitated. The functional impact of Mtap2 expression on TREK-1 was studied by whole-cell voltage clamp. As depicted in Figure 2C , Mtap2c expression promotes an increase of the basal TREK-1 current amplitude (2-Ϯ 0.3-fold at 50 mV; n ϭ 19; p Ͻ 0.05). Unlike AKAP150, Mtap2c had no effect on the current-voltage (I-V ) relationship in symmetrical K ϩ conditions (data not shown) (for the corresponding I-V curves in Xenopus oocytes, see Fig. 6 B) or on the stimulatory effect of arachidonic acid application (data not shown).
A Mtap2c mutant unable to bind to microtubules does not stimulate TREK-1 Mtap2 contains three repeated domains involved in the binding to microtubules (Lewis et al., 1988) . Phosphorylation of two serine residues S350 and S382 located in these repeats prevents Mtap2c binding to polymerized tubulin. A mutant of Mtap2c in which both serines have been replaced by glutamate residues mimicking a phosphorylated state cannot bind microtubules (Ozer and Halpain, 2000) . As shown in Figure 3A , coexpression of this Mtap2 mutant (termed here Mtap2c-mut) failed to significantly increase the TREK-1 current in COS-7 cells (51 Ϯ 9 vs 33 Ϯ 8 nA/nF; n ϭ 18; not significantly different, p Ͼ 0.3). However, this mutant coprecipitated (Fig. 3B ) and colocalized (data not shown) with TREK-1. These results indicate that the associ- ation of Mtap2c with TREK-1 does not require the association of Mtap2 with microtubules, but that the functional effect on the current amplitude relies on this binding. To test the possibility that Mtap2 may affect the microtubule-based vesicular trafficking, and indirectly cell surface expression of TREK-1, we introduced a HAtag in its P2-M4 extracellular loop to generate TREK1-HA. This modification did not affect the functional expression of TREK-1 and its regulation by Mtap2c (data not shown). TREK-1 channels at the cell surface were quantified by incubating nonpermeabilized cells with anti-HA antibodies, and then by detecting channel/antibody complexes using a peroxidasecoupled secondary antibody and a colorimetric assay. Mtap2c expression promoted an increase of the channel density at the surface. This increase (1.9-Ϯ 0.2-fold; n ϭ 9; p Ͻ 0.05) fits quantitatively with the increase of recorded currents in the same expression conditions (2-Ϯ 0.3-fold at 50 mV; n ϭ 18; p Ͻ 0.05). Furthermore, Mtap2c-mut did not significantly modify the amount of channels detected at the cell surface (1.1-Ϯ 0.1-fold; n ϭ 9), confirming that the binding of Mtap2c to microtubules is required to stimulate cell surface expression of TREK-1.
Mapping of the Mtap2c binding site in TREK-1
In MDCK cells, TREK-1 and Mtap2c were colocalized (Fig. 4 A) . TREK-1 was detected in actin-rich membrane protrusions present at the cell periphery giving a punctuated labeling . MDCK cells were chosen for K 2P channel immunocytochemistry because they are better than COS-7 cells for this type of experiment (Decressac et al., 2004) . The labeling overlap was quantified by calculating the Pearson's correlation coefficient (Pc). The closest to 1 this coefficient is, the strongest is the colocalization of the considered labeled proteins. Below 0.5, there is no significant codistribution. For TREK-1 and Mtap2c coexpression, Pc reached 0.86 Ϯ 0.04. The deletion of the cytosolic C-ter domain of TREK-1 (TREK-1⌬113) resulted in a loss of colocalization (Pc ϭ 0.20 Ϯ 0.07), indicating that the Mtap2 binding site is present in this region. To map this site, we engineered a series of mutants in which the C-ter region of TREK-1 was progressively restored and tested the capacity of these mutants to colocalize with Mtap2c (Fig. 4 B) . No quantitative overlaps were observed with TREK-1⌬100 (Pc ϭ 0.35 Ϯ 0.1) and TREK-1⌬77 (Pc ϭ 0.35 Ϯ 0.18). A good colocalization was recovered for TREK-1⌬51 (Pc ϭ 0.81 Ϯ 0.1) (Fig. 4 A) . The Pearson's correlation coefficient was not significantly different from the coefficient calculated for the complete channel. As expected, Mtap2 was coprecipitated by anti-TREK-1 antibodies when coexpressed with TREK-1 and TREK-1⌬51 but not when coexpressed with TREK-1⌬77 (Fig. 4C) . These results indicate the Mtap2c binding site is situated between residues 335 and 360 in TREK-1. This region includes an 8 aa segment (residues 342-349) containing four positively charged residues conserved in TREK-1 and TREK-2 (K342, K347, R348, K349). The equivalent segment in TRAAK has no charges but contains several proline residues (see supplemental Fig. 1 , available at www.jneurosci.org as supplemental material). In TREK-1, we substituted these basic residues by prolines to get TREK-1mut. TREK-1mut (K342P/K347P/R348P/ K349P) was neither able to colocalize with Mtap2 (Fig. 4 A, B) nor to coprecipitate Mtap2 (Fig. 4C ). Its coexpression with Mtap2 in Xenopus oocytes did not provoke a statistically significant current increase (0.4 Ϯ 0.04 A, n ϭ 24, vs 0.32 Ϯ 0.03 A, n ϭ 24 at 0 mV; p Ͼ 0.16). These results confirm the role of this region for Mtap2 binding to TREK-1. They also demonstrate that, in the absence of physical interaction with the channel, Mtap2 has no effect on the current levels.
Mtap2 interaction and its functional effect is restricted to TREK-1 and TREK-2
TREK-2, TRAAK, and TASK-1 (TWIK-related acid-sensitive K ϩ channel) channels were expressed with Mtap2c in MDCK cells for immunocytochemistry and in COS-7 cells for electrophysiology. A strong colocalization of Mtap2c and TREK-2 was observed (Fig. 5A) , which is characterized by a Pearson's correlation coefficient of 0.84 Ϯ 0.11 (Fig. 5B) , a value close to Pc calculated for TREK-1. The Mtap2 binding sites of TREK-1 and TREK-2 share 72% of sequence homology (supplemental Fig. 1 , available at www.jneurosci.org as supplemental material). In contrast, there is no significant conservation of this sequence in TRAAK and TASK1 subunits. This sequence divergence was correlated with an absence of quantitative colocalization (Pc ϭ 0.36 Ϯ 0.27 for TRAAK and 0.2 Ϯ 0.18 for TASK-1) (Fig. 5 A, B) . Furthermore, Mtap2c was not coprecipitated with TRAAK or TASK-1 from transfected cells (data not shown). In terms of functional effects, Mtap2c induced a twofold increase of the TREK-2 current (84 Ϯ 15 vs 43 Ϯ 6 nA/nF at 50 mV; n ϭ 21; p Ͻ 0.05) (Fig. 5C ), whereas Mtap2c was unable to modify TRAAK and TASK-1 currents (data not shown). Together, these results demonstrate that Mtap2 interacts physically and functionally with the closely related channels TREK-1 and TREK-2 but not with the more distant K 2P channels TRAAK and TASK-1. They also show that the Mtap2 effect is specific and does not affect the vesicular trafficking of TRAAK and TASK-1 channels at the cell surface.
Mtap2c and AKAP150 simultaneously interact with TREK-1
We previously showed that AKAP150 interacts with TREK-1 and converts it into an open leak channel. Binding occurs in a short domain located between residues 298 and 311. Mtap2c acts on channel density at the cell surface by interacting between residues 335 and 360. The distinct locations of the two binding sites suggested that the two associated proteins could be able to display simultaneously effects on TREK-1 activity. This hypothesis was tested in Xenopus oocyte in which heterologous coexpression of more than two proteins can be easily obtained. First, we confirmed the effects observed in COS-7 cell. Mtap2c induced a similar twofold increase of TREK-1 (3 Ϯ 0.2 vs 1.5 Ϯ 0.2 A; n ϭ 48) (Fig. 6 A, E) . Unlike AKAP150, Mtap2c did not modify the I-V relationship in symmetrical K ϩ conditions (I Ϫ80 mV /I ϩ80 mV ϭ 0.61 Ϯ 0.1 vs 0.69 Ϯ 0.1 for TREK-1 alone; n ϭ 25) (Fig. 6 B) . As observed in COS-7 cells, the stimulatory effect of Mtap2c depends on its binding to microtubules because Mtap2c-mut was unable to modify TREK-1 current density (2.2 Ϯ 0.2 vs 1.7 Ϯ 0.2 A at 0 mV; n ϭ 28; not significantly different) (Fig. 6C) . In Xenopus oocytes, AKAP150 expression induced an increase of the TREK-1 current as previously reported (2.2-Ϯ 0.2-fold at 0 mV) (Fig.  6 D, E) . When TREK-1 was expressed with both AKAP150 and Mtap2, the current increase was significantly larger than that induced by only one of the partner proteins (2.93-Ϯ 0.31-fold) (Fig. 6 D, E) . This result suggests that Mtap2 and AKAP150 have independent and additive effects on TREK-1, Mtap2 promoting more channels at the cell surface and AKAP150 stimulating activity of these channels.
The next important question was to know whether complexes including TREK-1, AKAP150, and Mtap2 are also formed in neuronal cells. Previously, we showed that TREK-1 and AKAP150 are particularly present in postsynaptic dense bodies of hippocampal neurons (Sandoz et al., 2006) . Figure 7 shows that endogenous Mtap2 can be detected together with TREK-1 and AKAP150 in the same postsynaptic dense bodies.
Discussion
We previously showed that AKAP150 binds TREK-1, affecting its functional properties and its regulation by receptors to neurotransmitters and hormones (Sandoz et al., 2006) . The present work demonstrates that Mtap2 is another protein that interacts physically and functionally with TREK-1. Like AKAP150, Mtap2 promotes an increase of the TREK-1 current amplitude (Fig. 2) . However, unlike AKAP150, Mtap2c does not directly stimulate channel activity but acts on its expression level at the cell membrane. This effect relies on the capacity of Mtap2 to bind to microtubules (Fig. 2) . AKAP150 and Mtap2 associate with TREK-1 at distinct sites of its cytosolic C-ter. Their effects on TREK-1 surface addressing and channel activity are cumulative (Fig. 6) .
How does Mtap2 affect TREK-1 density at the cell membrane of transfected cells? Microtubules, a polymer of ␣-and ␤-tubulins, are dynamic structures of the cell cytoskeleton serving as rails along which cargoes can be transported. The microtubule-based transport of vesicles facilitates several mem- brane trafficking steps including endocytosis and exocytosis, contributing to the maintenance of membrane proteins at the cell surface. One class of microtubule-binding proteins comprises motor protein kinesins and dyneins. These proteins mediate intracellular transport of membranous organelles, vesicles, and protein complexes along microtubules in many different cell types (for review, see Goldstein and Yang, 2000) . A second class of microtubulebinding proteins is formed by the MAPs (microtubule-associated proteins), to which Mtap2 belongs. These proteins are not directly necessary for microtubule assembly and microtubule-based transport but modulate the dynamic assembly of microtubules (Gamblin et al., 1996; Al-Bassam et al., 2002) . By acting on microtubule stability, Mtap2 may indirectly affect the trafficking of TREK-1 in COS-7 cells and Xenopus oocytes. However, this effect is specific to TREK-1 and TREK-2, and was not seen with other K 2P channels that do not bind Mtap2 (Fig. 5) . This demonstrates that a simultaneous docking of Mtap2 to microtubules and TREK-1 is crucial for controlling the microtubule-based transport of the latter. Mtap2 interacts with the kinase PKA (Obar et al., 1989) , whose activity is known to control motor protein activity (Kashina et al., 2004) . Recruitment of PKA by Mtap2 to close proximity of vesicles containing TREKs, and modulation of adjacent motor proteins by PKA, may provide a molecular basis for the observed effect on TREK trafficking. Whether this increase in surface expression is attributable to stimulation of the forward transport or to inhibition of endocytosis remains to be determined.
What is the role of the TREK-1/Mtap2 interaction in neurons? In neurons, kinesin and dynein motor proteins transport a wide variety of cargoes required at synapses, and in axons and dendrites themselves. Regionalization of microtubule-associated proteins is believed to contribute to selective transport and neuronal protein sorting (Burack et al., 2000) . Mtap2 is mainly found in dendrites, dendritic spines, and postsynaptic densities (Cáceres et al., 1983; Langnaese et al., 1996) . One of its functions may be to regulate microtubule-based transport and expression of TREK-1 in these postsynaptic locations. Mtap2 has a recognized role of scaffolding for the localization of signal transduction apparatus in dendrites, particularly near spines. It binds the actin skeleton and is found in close association with key dendritic proteins, including PKA, tyrosine kinases Src, Grb2, and Fyn (Dehmelt and Halpain, 2005) , voltage-dependent calcium channel Cav1.2 (Davare et al., 1999) , and NMDA receptors (Husi et al., 2000; Buddle et al., 2003) . Mtap2 places TREK-1 at the center of dynamic postsynaptic protein complexes that comprises cytoskeleton elements, ion channels, neurotransmitters receptors, and regulatory proteins. In addition, a recent study has provided evidence for a presynaptic location and a presynaptic role of TREK-1. It has shown that gene inactivation of TREK-1 significantly reduces the potency of halothane to inhibit 4-aminopyridine-evoked releases of both glutamate and GABA from cerebrocortical nerve terminals (Westphalen et al., 2007) . It is also known that TREK-1 accumulates above and below a ligature in rat sciatic nerve (Bearzatto et al., 2000) . The process is rapid and bidirectional, hence compatible with microtubule-based transport of channel-containing vesicles. At the early stage of neuronal development, Mtap2 is present in axon and in the axonal growth cone (Các-eres et al., 1986) . In mature neurons, Mtap2 is mostly excluded from axons (Cáceres et al., 1986 ), but to our knowledge, its presence in the axon terminal has not been extensively studied. If present in nerve terminals, Mtap2 may not only help to transport TREK-1 along axons but also to stabilize TREK-1 at the presynaptic level.
Mtap2 has also been associated with the formation of neurites at early developmental stages and with the dendritic scaffold on maturation (Harada et al., 2002) . During neurite initiation, microtubules align to form a tight bundle, and actin filaments reorganize to produce a growth cone. The molecular mechanisms underlying this cytoskeleton reorganization are poorly known. Mtap2 binds both microtubules and F-actin and has been proposed as a candidate to play a key role in these rearrangements. Inactivation of Mtap2 promotes a reduction of dendrite length in vitro and in vivo (Sharma et al., 1994; Harada et al., 2002) . However, TREK-1 expression has been reported to induce the formation of actin-rich protrusions, and its gene invalidation significantly alters the growth cone morphology of cultured embryonic striatal neurons . TREK-1 and Mtap2 interaction may be involved in some of the coordinated cytoskeletal rearrangements controlling the transition from an undifferentiated state to neurite-bearing morphology.
Phosphorylation of Mtap2 affects its ability to bind and stabilize microtubule (Ozer and Halpain, 2000) , but also to modulate TREK-1 expression level (Fig.  3) . Neurotrophins such as BDNF prevent destabilization of the microtubule network and favor the microtubule-based transport of NMDA receptors to dendritic membrane (Yuen et al., 2005) . It is also known that expression levels and distributions of Mtap2 can be affected by oxygen-glucose deprivation in adult hippocampal slices (Buddle et al., 2003) . Therefore, regulation of NMDA receptors and TREK-1 background channels via Mtap2 phosphorylation states or expression levels potentially provides important mechanisms for regulating synaptic plasticity and associated learning and memory.
In conclusion, analysis of the native TREK channels has revealed that these channels use AKAP150 and Mtap2, two multifunctional proteins, as partners for their trafficking, addressing, and activity regulation in the brain. These proteins are scaffolding proteins that put TREKs at the center of complex protein networks (Fig.  8) . Depending on brain localization and the nature of the expressed proteins, a large number of dynamic signaling complexes can be formed around TREK-1 and they are expected to play important roles in normal and pathological brain functions. Figure 8. Mtap2 and AKAP150 place TREK-1 at the center of protein networks that regulate its trafficking to the cell surface, its addressing to postsynaptic dense bodies, and its channel activity.
